Some studies have used predictive models involving empirical adsorption isotherm 64 equations with limited (site specific) applicability to describe the observed data in 4 multi-component solutions 10, 11 . However, these macroscopic models cannot account 66 for co-binding mechanisms for accurately predicting the behavior of antibiotics at 67 mineral/water interfaces under a large range of physico-chemical conditions. In 68 contrast, mechanistic models include details of the surface (in terms of structure), take 69 into account the structure of the electrical interfacial layer [12] [13] [14] , and constrain structure 70 and bonding of surface complexes by information from spectroscopic studies and/or 71 theoretical calculations [15] [16] [17] . Although mechanistic models have extensively been 72 applied to predict pharmaceutical compounds adsorption to metal-(hydr)oxides 18, 19 , no 73 attempt has been made to account for co-binding mechanisms between two or more 74 components. This becomes even more important considering the necessity to 75 adequately account for binding in reactive transport models to be used to predict the 76 fate of antibiotics and anti-inflammatory agents in nature.
77
In this study, we used molecular-level information (Attenuated Total Figure S1 . Protonation reactions of NA and NFA are given in Table 1 .
138
The charge of the goethite/water interface was treated with using the three plane the maximum adsorption amount was observed at a pH near the pK a (Fig. 1a) .
189
Increasing NaCl concentration decreased NA adsorption on the whole investigated pH In this equation, a NA-NA dimer is formed by co-bonding to individual NA molecules,
238
resulting in an interfacial distribution of charges between the 0-and 1-planes. respectively), NaCl concentration ( Fig. 1 a,c) and NA loadings (Fig. 1d) formed at pH < 7 (Fig. 1a) . The model also predicts NA dimer formation with NA 247 between pH 3 and 7 ( Fig. 1 a,d ). provides a poor description of NaCl effect (Fig. S4) . Because of the increasing 277 adsorption of NFA at high NaCl concentration, a sodium-OS ion pair is however 278 needed to account for the data above 10 mM NaCl through: relatively good prediction of NFA adsorption to goethite at various pH (Fig. 1b) ,
285
[NaCl] (Fig. 1b,c) and [NFA] (Fig. 1d) . NA-NFA co-binding occurred over a large range of pH (Fig. 2a,b) , NaCl 289 concentrations (Fig. 2a,b ,e) and NA and NFA loadings (Fig. 2c,d ). Co-binding effect is 290 more pronounced for NFA, because of its weaker adsorption in single system.
291
However, NA adsorption to goethite is rather strong in single system, and so co-binding . This is further illustrated in Figure S5 , where NA and NFA adsorption in 296 binary system is strongly underestimated when using only eqs. 1-6.
297
For NA, all MB, HB and OS complexes of NA are considered to be formed (Fig. 1b) . To keep the model at a reasonable level of complexity we however only In eq. 7-9, NFA binds to one NA at the goethite surface predominantly via van der
315
Waals interactions 8 , and its -1 charge is located at the 2-plane. In contrast, NA is 316 assumed to form MB, HB and OS complexes with goethite, respectively, and its -1 317 charge should therefore be located at the 0-plane (∆z 0 =+1; ∆z 1 =0; ∆z 2 =-1, eq. 7), the 318 1-plane (∆z 0 =+2; ∆z 1 =-1; ∆z 2 =-1, eq. 8) or the 2-plane (∆z 0 =+2; ∆z 1 =0; ∆z 2 =-2, eq. 9).
319
Note that the reverse case (NA binding to adsorbed NFA) involves the same 320 stoichiometry and charge distribution over the 0-, 1-and 2-planes. Therefore, they are 321 equivalent in PHREEQC. However, previous quantum chemical calculations 8 
322
suggested that the reverse case was less plausible, that is, NA was expected to be 323 located closer than NFA to the surface.
324
Our first modeling attempts using eqns. 1-9 predicted a decrease of NA/NFA observations (see Figure S6 ). Most notably, experimental NA binding became almost 327 independent of NaCl concentration (Fig. 2a,e) while NFA binding followed three 328 stages: (i) slight decrease in loadings below 10 mM, (ii) increased loadings at 10-50 329 mM, and (iii) constant loadings above 50 mM NaCl (Fig. 2b,e) considerably improved model predictions of the effect of NaCl (Fig. 2a,b,e) . The best 336 fit was obtained by allocating charges of both NA and NFA in the 1-plane and Na + in 337 the 2-plane (∆z 0 =+2; ∆z 1 =-2; ∆z 2 =+1) ( Table 1) .
338
The full model (i.e. eqs.1-10) provides an accurate description of co-binding data 339 vs pH and NaCl concentration (Fig. 2a, b) and at a wide range of aqueous concentration 340 (0.1-100 µM) (Fig. 2c) concentration of both (Fig. 2d) .
344
Model predictions of NA and NFA surface speciation for 10 mM NaCl (Figs. 2 a,b) 345 suggest that NA-NFA dimers remarkably prevail at pH > 4. Although NA adsorption 346 slightly increased from the single to the binary system, its surface speciation drastically (Fig. 2b, c) . 
